Abstract: Ultrasound (US) is an extremely useful diagnostic imaging modality because of its real-time capability, noninvasiveness, portability, and relatively low cost. It carries none of the potential risks of ionizing radiation exposure or intravenous contrast administration. For these reasons, numerous medical specialties now rely on US not only for diagnosis and guidance for procedures, but also as an extension of the physical examination. In addition, many medical school educators recognize the usefulness of this technique as an aid to teaching anatomy, physiology, pathology, and physical diagnosis. Radiologists are especially interested in teaching medical students the appropriate use of US in clinical practice. Educators who recognize the power of this tool have sought to incorporate it into the medical school curriculum. The basic question that educators should ask themselves is: ''What should a student graduating from medical school know about US?'' To aid them in answering this question, US specialists from the Society of Radiologists in Ultrasound and the Alliance of Medical School Educators in Radiology have collaborated in the design of a US curriculum for medical students. The implementation of such a curriculum will vary from institution to institution, depending on the resources of the medical school and space in the overall curriculum. Two different examples of how US can be incorporated vertically or horizontally into a curriculum are described, along with an explanation as to how this curriculum satisfies the Accreditation Council for Graduate Medical Education competencies, modified for the education of our future physicians.
U ltrasound (US) has long been recognized as an extremely useful diagnostic imaging modality because of its realtime capability, noninvasiveness, portability, and relatively low cost. In addition, imaging with US does not carry the risks associated with the administration of intravenous contrast material or the potential hazards of ionizing radiation. Hence, many medical and surgical subspecialties are increasingly embracing the use of US, finding it to be an adjunct to or extension of the physical examination. Some have referred to it as the ''sonoscope.'' 1 Others have described US as ''the visual stethoscope of the 21st century.'' 2 The use of US beyond its traditional role within the department of radiology has been termed ''point of care'' US. Furthermore, some medical schools, taking advantage of recent technical advances in portable US technology, have begun to incorporate education in US within the medical school curriculum.
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While welcoming the increasing general awareness of the utility of US, both the Society of Radiologists in Ultrasound and the Alliance of Medical School Educators in Radiology (AMSER) believe that radiologists should play an important role in the creation of a US curriculum. As imaging experts, radiologists are best able to instruct medical students how to utilize the diagnostic capability of US most effectively and in addition are best able to direct the clinician to other more appropriate imaging tests when US is not likely to be clinically useful (ACR Appropriateness Criteria\). 8 Accordingly, this document highlights what aspects of US should be taught to medical students, as well as when and how US can be most effectively introduced into medical school preclinical and clinical curricula.
The broad goals of this curriculum are 2-fold: (1) Preclinical: utilization of US to enhance student understanding of anatomy, physiology, and pathology. (2) Clinical: teach students how to use US effectively as a problem-solving tool in the diagnosis of disease. As a corollary, students also need to learn the limitations of US and when other imaging modalities may be more appropriate.
Achieving these goals can be greatly facilitated through direct ''hands-on'' experience. Through an appreciation of how US is performed, students will learn its strengths and weaknesses far better than by passive examination of US images. However, such hands-on experience should not be expected to guarantee that students will become adept at rendering diagnoses from images or become competent at performing complete diagnostic US examinations, because the acquisition of such interpretive and scanning skills requires prolonged exposure and dedicated practice. Such skills are typically acquired during a formal residency or fellowship. 9 The intended audience for this curriculum includes US practitioners, departments of radiology, and deans of medical schools. We recognize that the proposed curriculum is a comprehensive one, and teaching all elements may not be feasible at any given institution. In particular, the inclusion of the ''hands-on'' portion is labor intensive. Introducing this curriculum onto preexisting courses may increase the likelihood of successful implementation. Although it is not our intention to dictate how medical schools may apply the curriculum, by providing 2 different models (Appendices 1 and 2), we hope to stimulate medical school educators to consider its implementation.
The proposed curriculum has been organized as follows: part 1 deals with content, part 2 with a mechanism for potential deployment over a 4-year period, whereas part 3 addresses how the curriculum meets the Accreditation Council for Graduate Medical Education (ACGME) competencies, as modified for medical students.
PART 1: THE NATIONAL ULTRASOUND CURRICULUM FOR MEDICAL STUDENTS
The curriculum is based on the AMSER National Medical Student Curriculum in Radiology. 10 The following sections outline goals for both preclinical and clinical years. 
Preclinical

PART 2: IMPLEMENTATION
Incorporating the above curricular content into a 4-year medical school curriculum has many challenges, including (but certainly not limited to) competing content from multiple fields of medicine, variability in the medical school curriculum structure, and limitations in time and resources for teaching hands-on skills such as US imaging.
The following examples for implementation of a US curriculum (offered as Appendices 1 and 2) provide a few options that have been developed at specific institutions and need not be used in their entirety, but serve as models that can be adapted and applied as deemed appropriate for each institution.
The majority of medical schools begin with a 2-year didactic preclinical curriculum followed by 2 years of clinical experience, as proposed by Flexner 11 over 100 years ago. Acknowledging this, the authors have divided the curricular content into ''preclinical'' and ''clinical'' sections, which assists in differentiating essential ''preclinical'' material best suited for didactic presentations and the occasional workshop/laboratory versus the ''clinical'' material with ''hands-on''skills best suited for clinical clerkships. 12 
Preclinical
In the preclinical years, the US curriculum can be integrated into the overall curriculum to supplement general understanding of anatomy, physiology, and pathology. 13, 14 This horizontal incorporation of a US curriculum is likely best organized and implemented by a multidisciplinary group including radiologists and other US specialists with the course directors of the anatomy, physiology, and pathophysiology preclinical courses. Hands-on sessions can also be incorporated into a physical diagnosis course. Appendix 1 describes such a course taken from a 4-year curriculum being piloted at Harvard Medical School, Boston, Mass.
Ideally, the curricular content would be taught in didactic lectures and small-group sessions, enriched by the experience and contribution of US imaging experts. This would include 1 or 2 introductory lectures in US physics, image acquisition, indications, and limitations. Alternatively, some medical schools may choose a more vertical approach, assigning specific hours to ultrasound imaging for didactics and workshops to cover the complete preclinical curriculum. By applying the constructivist theory of learning, 15 the content can be separated into several sessions over the 2 preclinical years to allow building on prior content to improve understanding and retention.
Clinical
Two models are outlined in Appendix 2. The first one offers graduated levels of exposure and imaging experience for medical students during third-year clerkships (Harvard Medical School, Boston, Mass). 16 A second model is more compact, organized as a dedicated 3-day program (Thomas Jefferson University Hospital, Philadelphia, Pa). We offer both examples but realize that ongoing graduate medical education in US imaging will be necessary before competency is reached. 17 With the current wide variability in clinical clerkship requirements, it is conceivable that a student could complete a medical school curriculum without ever directly scanning a patient with US. Although not optimal, the authors recognize that US imaging is largely skill based and requires significant experience to achieve competency.
PART 3: ULTRASOUND AND MEDICAL STUDENT COMPETENCIES (ACGME SPECIFIC, MODIFIED, FOR MEDICAL STUDENTS)
The curriculum must follow the ACGME-mandated competency-based model of learning. The residency competencies have been modified for medical students. 18 These have served as a template, which we have subsequently applied to US knowledge and practice. 
CONCLUSIONS
Given the rapid proliferation of medical imaging and the premium placed on techniques that do not utilize ionizing radiation, it is imperative that medical student education include basic US concepts and principles. All medical students, regardless of future specialties, will benefit from a longitudinal exposure to radiology in general and US in particular. From the beginning of medical school as they learn gross anatomy to much more advanced rotations such as a US clerkship, handson experience with medical imaging is a valuable part of any student's medical education. This medical student US curriculum can be directly tailored to the level of experience, specific clinical rotations, and medical school resources. Although current medical school curricula have little room for additional content, didactics, and teaching, we believe that it is essential to include the basics of US in the greater framework of general medical education. differential follows (eg, neonate with a fetal renal anomaly discovered on prenatal US, followed postnatally with US, voiding cystourethrogram, nuclear scan, etc).
Model for a 3-Day Program (Year 3 or 4)
The following model is designed for a Compact Ultrasound Course implemented in a total of 3 days, not necessarily in succession. It may be incorporated into the radiology elective or a stand-alone course (preferably in the third or fourth year). For students with an interest in pursuing US and for hospitals with sufficiently large US departments, an intensive elective in US imaging may be offered. Under the direct supervision of a physician or sonographer, the student will scan patients and perform focused US examinations. Student will demonstrate knowledge of instrumentation, knobology, transducer selection, presets, machine settings, and so on. The student will begin with scans of the abdomen, followed by pelvis, small parts, vascular, first trimester, and so on, and may participate in simple guidance procedures (paracentesis, thoracentesis).
